Summary &horbar; Weaning is an interesting period for the study of the nutritional regulation of muscle energy metabolism, since during this stage the nature of the substrates supplied to the muscle and their energy balance are profoundly changed. The aim of this study was to determine the effect of these modifications on the contractile and metabolic characteristics of bovine muscle. Two similar groups of 7 male Montb6liard calves were used with the same age and weight, and with the same energy intake. One group consisted of milk-fed calves, the other of weaned animals. The latter were progressively weaned over a period between 107 and 128 d. The average age at slaughter in the 2 groups was 170 d. Biopsy specimens of semitendinosus (ST) 
Summary &horbar; Weaning is an interesting period for the study of the nutritional regulation of muscle energy metabolism, since during this stage the nature of the substrates supplied to the muscle and their energy balance are profoundly changed. The aim of this study was to determine the effect of these modifications on the contractile and metabolic characteristics of bovine muscle. Two similar groups of 7 male Montb6liard calves were used with the same age and weight, and with the same energy intake. One group consisted of milk-fed calves, the other of weaned animals. The latter were progressively weaned over a period between 107 and 128 d. The average age at slaughter in the 2 groups was 170 d. Biopsy specimens of semitendinosus (ST) muscle were taken at the ages of 66 d, 94 d (before the beginning of weaning) and 136 d (at the end of weaning) to follow the evolution of muscle characteristics. Samples of longissimus thoracis (LT) muscle were taken 24 h after slaughter and used to study the changes in protein and DNA content. The proportion and area of the different types of fiber, I (slow, oxidative), IIA (fast, oxido-glycolytic) , IIB (fast, glycolytic) and IIC (fast/slow, oxidoglycolytic) were measured by immunohistochemistry and image analysis. The metabolism of the muscles was determined by studying isocitrate dehydrogenase (ICDH, oxidative) and lactate dehydrogenase (LDH, glycolytic) activity.
The results obtained between 2 and 6 months of life showed an overall increase in the area of the fibers (I, IIA, IIB and IIC) and a conversion of type IIA fibers into type IIB accompanied by a shift in the energy metabolism towards a glycolytic type. Weaning caused temporary stress, whose main consequences were to decrease overall muscle fiber area and the percentage of type IIB fibers, and increase the proportion of type IIC fibers in weaned animals. These effects may have been due to the nutritional and behavioral disturbances that accompany weaning, because 42 d after the end of weaning there was no difference in the size of ST and LT fibers between the 2 groups whereas the proportion of type IIA fibers was still higher in weaned animals. (Brooke and Kaiser, 1970) . While the number of bovine muscle fibers is definitively determined at birth (Robelin et al, 1991) (Lapeyronie, 1990) . To offset the nutritional loss resulting from the withdrawal of milk from its diet, the animal must be able to rapidly increase its feed intake. The adjustment is not immediate and occurs during a phase of transition that is characterized by a retardation of growth, whose extent and duration depend on various factors (Lapeyronie, 1990 Pons et al (1986) , who used monoclonal antibodies specific to myosin heavy chains (MHC). Their production, purification and characterization have been described by L6ger et al (1985) . Their reactivity in cattle has been tested by Robelin et al (1993 Ansay (1974) . ICDH activity was measured only on samples taken at slaughter since the biopsy specimens were not large enough for all assays to be performed.
Analysis of results
The results were subjected to variance analysis SAS package (1985) , to study the effect of age (by comparing biopsy samples taken at different stages of growth) or that of weaning (by a comparison of specimens sampled at the same age in milk-fed and weaned animals). There was a significant increase (P < 0.001) in the total average area of the muscle fibers from 1 582 to 2 345 pm 2 between the ages of 66 and 170 d (fig 1 b) As the number of muscle fibers does not increase beyond birth (Robelin etal, 1991) (Jurie etal, 1994 ). An increase in the proportion of type I fibers in the postnatal period has already been reported in species that are relatively immature at birth such as sheep (Suzuki and Cassens, 1983; Finkelstein et al, 1992) and pigs (Lefaucheur and Vigneron, 1986) . In cattle, which are more fully developed at birth, this increase probably occurs at the end of the fetal period (Robelin et al, 1991) and seems to continue after birth.
RESULTS

Influence of age
The conversion of IIA fibers into IIB fibers has been observed in numerous species including cattle (Ashmore et al, 1972; Dreyer et al, 1977; Spindler et al, 1980; Seideman and Crouse, 1986; Solomon et al, 1986; Jurie et al, 1994 (Suzuki and Cassens, 1983; Lefaucheur and Vigneron, 1986) , and in human infants until the age of 12 months.
These cells, which simultaneously express slow and fast MHC, occur in the fetus from 220 d of gestation onwards. At birth, type IIC fibers account for 4% of the total in ST muscle (Robelin et al, 1993) . Thereafter, their percentage decreases and in adult bovine ST they are no longer present (Johnston etal, 1975 ). However, in 2 studies, that of Young and Bass (1984) and Totland and Kryvi (1991 ) , the presence of about 1 % of type IIC fibers was reported in adult cattle.
These fibers could have resulted from the fusion of satellite cells (Feldman and Stockdale, 1991) or may represent a transitional form occurring during the transformation of type I into type I I fibers (Billeter et al, 1981 ) .
LDH activity, which was stable until the age of 94 d, increased significantly between 94 and 170 d. A rise in glycolytic activity with age has been observed in several species including piglets (Lefaucheur and Vigneron, 1986) , rabbits (Briand et al, 1994) and Limousin calves (Jurie etal, 1994 (Kouame et al, 1984) . The energy deficit triggers an adaptive stress response which is both nutritional and behavioral (Lapeyronie, 1990 (Dantzer etal, 1980) . In lambs that were milk-fed, as were the calves in our experiment, it was shown that the corticotropic axis is hyperactive (Lapeyronie, 1990) . As this hyperactivity may be caused by the mode of artificial feeding (twice-daily distribution of ration, morning and evening), the corticotropic axis must be stimulated during this transitional period to maintain normal glycemia. In addition, Mobert and Wood (1981) showed that corticotropic axis response is heightened in animals that are separated from their mother at birth, as were the animals in our trial.
Several authors have reported that energy undernutrition slows down the 'maturing process' of muscle fibers (Lanz et al, 1992; Ward and Stickland, 1993 (Seideman and Crouse, 1986; Beverly et al, 1991; Lanz et al, 1992) . These changes are accompanied by decreased glycolytic metabolism (Raju, 1975; Howells et al, 1978) . Another principal effect of energy restriction is a reduction in the size of fibers (Goldspink and Ward 1979; Bedi et al, 1982 The digestive behavior of milk-fed animals is in fact similar to that of monogastrics; because of the closure reflex of the esophageal groove, the feed ingested does not pass in transit through the reticulo-rumen but goes to the abomasum. The reflex continues all the time that milk is fed. The ingestion of milk governs the pulsatility of GH (Orskov et al, 1970) . GH has an anabolic effect on type I fibers (Bacou and Vigneron, 1988) , which could explain the differences in size of type I fibers between weaned and milk-fed animals.
Evolution between the beginning of weaning and slaughter
The main evolution between the end of weaning and slaughter was a significant increase in LDH activity in weaned animals, together with an increase in the mean area of fibers, particularly in that of type [IB fibers. During the same period no significant difference was observed in milk-fed animals. It is possible that weaned animals had compensatory growth at this time. Drew and Reid (1975) 
